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SUMMARY

T1his stiudy examinedi the ability of observers to find and recognize small unbriefed tactical targets with a
i131rroiM-angle forward-loo~king airborne sensor. A motion picture camera flown at 340 feet above the terrain
anld depressed 7.0 downward front tlie horizontal collected black-and-white pictures with a 60 4' high by 80 21'
wide field of view. All targets were in the open in near noon sunlight. Projection rate simulated an aircraft
speed of (A) knots. Image scale varied from 1 /12W0 at the top) to 114"40 at the bottom of the dlisplay. For high
contrast objects the total number of resolvedl picture elements onl the display was approximately equal to that
on1 home TV sets, while (displayed scene resolution was about 1 -V minutes of arc. The moving scene was
searched individually by 14 university students for people. cars, trucks. and heavy coinstruction equipment.

Average target acquisition slant range, percentage of targets detected, and response. accuracy all increased with
incr~ease in target size. At the extremes in size, heavy construction equipment and people, these measures
yielded. respet-tively. :WAi) versus 208t) feet. $2' versus 46% recognized; andl 84 versus 59% of responses were to
real targets. Thel equiation. Sum I %1)I 1- A IOg WX + BI was found to relate cumulative percentage of targets
detec-ted to distance down the display whten detected, i.e.. to slant range.

lDetection probability varied significantly with contrast only for trucks. Rapidity of detection was related to:
10 accuracy only for cars. 121 contrast only for trucks. It was not related to percentage of targets detected.
Average contrast of detected targets was, except for trucks, unrelated to: W(a)D 11),b) accuracy. lic reaction
t ikilo a ndt Id I pos it it) on t Ii tIe d ispl1ayv serve.n whe tn detected. Ta rgets detected, on thle average, at larger distnices
were also mnore likely to be detected.

Observers did not miaintain their rankings on ",0l) fromt one type of target to another. For most types of targets.
accuracy on one type was4 of little or not value in predicting accuracy with another type of target. There was
SOMe consistencyV ill observers in reaction time with different types of targets. The problem tf observer selection
was discussed.

4
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INTRODUCTION 7

-Thismsudy was inlitiated inl res 114' to requests fromn a titutber of U.S. Air Force organitations for data onl
target actluisition ranges, slid detecion probabilities from low-flying aircraft. rhe typies oft targets of interest
Were 811al11 tactical targets of opportunity. including peo~ple and vehicles. The sesisort oif p~articular interest
Were closed circuit television and direct view night vision devices of tht- intensifier type. The aircraft speed

7 s*imulated was (A) knots, which isa in dhe speedt ranlge of helieopters aid hovereraft.

A foriward-looking motion picture camtera was tised to collect iunagery for the st~udy. It was flown over various
areas tit tile sotheastern United States. 1'hle tquipment, available to thle exierimetters for displaying the

"7 motion pwicture, oni a television monitor was found to be inadeqluate i~s image quality, piarticuilarly ill resolution
*of small details inl tile Pictures. i'h'erefore, it was decided to use, a mtandard inotion picture fHilm projet-tor to

opitically projec't plictures onto a rear-plrojection screen. 'Measuirements, made on thle display screen with this
7 tjuliiipaent showed that display resolutiont was app oxintately the saint ats that provided by cwuntmerial J

tlevisionstations it) Americans' luonies. -7

Fututre rest-arch nmai indhicate at requirement ito modify the results of the pi't'sent study because of thle
characte'ristics tif other sensors. Hlowever, somne of thet results, such a-, thle influettee of target s-lae And cintrast
anid f~idings relative to observert-wlectious, m~ay reqluire little diitin

/7to



PROCEDURE

IMAGE COLLECTION
'Z 'I~'l'he miotion pictures were taken be-tween I(XX) and 1400) hours fromi the nose of anl 111-47 aircraft flying at anl

altitude tof approxsimately 344) feet abtove tile terrain. rhe aircraft speed was abo~ut 240-200. knots. The imtagery
was collected over various areas of thle southeastern part of the United States, thle mnajority of it over generally
woodedi areas inl northern Florida. Trhe picture co~llection flights totok place inl March of i%.. There were somle
trees of types that have not leaves this4 ltime of year. However, a large portion of the trees were not of those types.
Pinte trees were particularly voinmon inl the pictures. The ground was covered itn ost areas with grass. in somle
places5 grass and weed growth was iiia~ssve. dense, vegetation was frequent. Examiniation of the pictures in lthe

Appendix shows the heavy foliage iin sonic areas. Most of thle uxotioni picture filmu was collected while following

Filmning wats done with anl Air Force, A-l10 camnera*. Initial experimients. with a 4-inchi focal length lens yielded
pictures with imanges of pteople that were too poo~rly resolved,. It wats judged that thle probability oif detecting
pole'~t onl the groundl froni film madde with this lenls would be utnacceptably low. 'I'hierefore. it was mnecessary to
substitute at b-inch foc-al-lemigth lens for lthe 4-inch lens evenl thought this sutbstitution resulted inl a field oft Nliew
that was only 6t03* high and 1t 0' Wwide, Pictures were taken at % framies (picturesl per second since pilot tests
with slower framie raites resulted inl projectedl pictures that, (liite to the high speed 1240 knotsl of thle aircraft.
aplpearedl jumipy or jerky when projected. Motion over lthe terrain between pictures ait slower framte rates than

16per second simiply did not allow enough o~erlap oft sutccessive pictures to allow the muotion onl thle displayedi
pictures it) give the illusion to lthe % iewer that miotion over thle terraini was smootnh and cotutinuotus. 'Il'he fiilm
lused to talke thle pictures. Kodlak P'lus-\ film,. yielded black-and-white pictures without objectionlable amlounits
oft photograiphic, graini, ats would have tweem lthe case wVitl% somie of lthe faster Iniore light sensitivel filmis often
used for takinig miotion pcue.I A VW graininess helped to mnaintain sal illusion of looking at mloving terrain
rather thani at a moition picture tlisplalu

'rme pictures were taken through an oplirahll flat photogratphic windlow located it% lthe nose oft lthe 11111-47,
aircraft. Th'le camuera wasi moun~lted so that, Whenl tile aircraift was flying ait at 340. fooit altitudle at 2,10 knots. tile
lenas aits of lthe camnera was at 00 azimuith 14triglut forward i. but wats imichined downward bv 711. Objects on at lint'
tlovim thle center oft the flight path thuas camte into view ait the seene top while tit at ground range of
approxuniatel% *UlXI feet Islant range 41~01 feet h, and went out at thet scente bilotto while at at grotnid range of
appoirtbinualtvl 14211 fme Wuiant rungo 14M1. feeth. The si-ene geomeltry amul lithe ground anud slanit ranigesi are-

sh inii figure' 1.

Th'le forward looiking vutaera's declnation. with cusqetvariaition inl slanit range froin tile top tot thet bettont
tif the stene, vieldedl til imiagedt width of terrain that incereased frontl thebottomu to lthe toll of thle ihisphitq. ius
thotugh tilt uhis-pliqixd intage was rettalngular, thle territory tin display was smulewbaut w~edgeti-disha 1%41 is shownl
ink figure r.ikis metant, also. that tIn' eenterai ofw Jthedilay was ntuo the vonter oft thke displayedi terrainl.

TIhie variation inl slantl ranige tas a muietion oft distuusuce downt fronit thke top of the display is shown ill figure, 3.
Note that the relationship s 6not linear. Figlire 3 alm) shows the time. ilk secndsl Ithat dt heitauges oif tobjecs have
bce outi the dt diilaa for Various setca' poslhlona andl 4I4u1t ranges'.

*1'b A-Itt i6 a holf-fratiue Xs mnnut kot1ion ht~itor canter& %iuhi a uosautrtpltuuro format of 10.1 mili hdilh It) 21.21 till% midet.
111e hua1-dltOfau 41,4Wt111414 appl461 Itoi'At 1111tu notio piltlure Vanli-rao huecautt the tAVk144 pIuihaW thtiaxe 6Ul twt t hIght
I"loug the titan pklf 4t*a' tAIm. %MWdius lot Iull trawu&I 35 own still k*UacA0.
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'I'hle pilot oif lte alircft ws insruted to fly ait at constanit barometric allttiltud anid littentp 1tv to (li so, 'IheJ
strips (It run11s of filInt that were 1.4-d in this sutudy appeared ito represent faidly level terrainl. H owever. tile
terraini was not always flalt and level evenl thtought it appeared its lie, in the nlarrow field of view of tile camera.
Grtadtual slope of tile terrainl Was not apparent. '11e terrain was nlot always ait tile sanme allitude above seal level,

'l'w etul aplocation of t11e terrain o the il run11 thlat were'4 uised ill testing was known only appmloiatlv
'I'ltt, aircraft altitude, ablove the terrainl was calculated front thll sivze on1 thet fillit of thet inmage, of aultti11ombile's,

'I tsprcedrethi ld l a ave'rage Altitude of 3-10 feet. At titmes, thel actual al1ittudle could hanve varie'd front
this vallue 1iv a Is 11tnn'h as 20 rittore. I'lhis wouild influencve tile size of tile ground swathl onl display.
alctillisitioln slaint rangie. Wet- all of whlieht wr acledWith thet average value, of 3410 feet forl aircraft alltituide
ahitove tilte terraill.

THE MOTION PICTURES

T'he 1tatut ire ofilt, 11ttlotio picture. scenels that were- used~ isg best visuialit'ed and14 timtderstood hy enantinatiomt of
enhiargeIttet41It ttatde front sittg le frames till pictitres 'iof lhe mtot iol plit till fihtt. Figures 41 'throiglt 10 were,
selectet i to illkst ralte both Itas% 411td tIifficulit targets. 'Il'he targets are,, circled ink the pwicttitres, KOO i iim tIa
bepi l-1ted lletjlý urs ill 111a1 isosmne' loss in restilutionl of fine details a i onieaItels in tl n ittc tile as11

44toiltitl li to1-4 tlte11 prt'llited4 tk-ianliaren-lt filitt %,iwetl till the display scrveen by lithe obsern ers, Also, due, lt thelt4
fiant, es tii pict itres pier stsc01titt of thet utot ioll picttires, oblserverps didtlitt t see lie "grain" that Is atlharelt itt it
statil enltirgetkeilt of a st~igAl plictrtl' or" frante.- h8ss Ail 9gaitt it, projection makes tiltt scette look mtotre "ntattural"
thain siitgle sAntiv picturles.

PROJECTION SYSTEM FOR IMAGE DISPLAY

$imtive at statdard 35 mm1111iriki'.seir %VAR Hot available. the original filil was printedi as4 at ptsiti~ e trasa't~a
at V441114441 scaleo tilb tti11 filiti. A Hell and Illowell stop ntotionl vt-ilahle speed44 lttitiolt lliectnre Itrojisitot aiti a
large 44creen1 %were uised lto et~anlitie te ilnit, fil it idl authid liit tifall of tike itIIItA44 ages 1A I 'hte 11 sa111e projet40't

was set ata hate ateof 2 piturs pe seondto resen Ite miotioin lit'itiirts to ithe test sitjvl~es. simtce the
ig-olultl weete was .irigistallk fihttit'd lt %N (mautes second uti11 was IllitketI back ito lisert iss ait otlli .4
frtinies weoit. ilt,tt aircraft spieed 4ilitituhued ilt11 th1is ty was lit) Liots. Thtus. lithe stutd simutlaesotioni

picturrs takiti frtomit low movuitkg aircraft miteli as hlivopiciiuter till Iltoveiraft

A small rear pirojectiton PI'tiluca' 411611111 screen1 Was lisedl during subject testing. 1ts 133 1t1it1 height atul I100
%vtt idti. orm allittlit 51 7. itii'hes, is ctitsistentl wvith IthIe sit I. o! 4displays taset ill I~ lilal votuiL liit " cockpI it

dfiunnsiouts11 11S111111% ptechittle thke use4 of large 41lisltlays, Thei loriglutitess ofl tile sereen1 %laried % itlt tItus termaiti attd
%%itl% the1 objeets onl the tertaita. It mitugetl (1ttt 41nsimek 3 lto"1 210 foot1landeru forl'hti i'Ol~OV tilurk jlterrlitt
tsni-iu as grass atd ther denseV 11S %egetalloatl, to Iduitti 130 lto I slO footl-likuterts (Aim bright %%hite samud coual roadsi.
'thle screenl was di14ided4 byv horilotottl muld verticail gridillhtes into a those byý tltmie utiallk i to facilitate ic4corthiing
liit- ohiseriet' 1resot41IMss 41hi6 can1 Ike 1414tt by e'tautiiuing lithe subject's 1111a)ispla-screetiIn figilre 1I. It ItItmtie4 outi
t1wI th16 grill Wask f114 IM-44114tu ill wkwit'iuu shimoA there wt'roto ituualfuiitiioust ilk ltke data sk'ttriuug cametra.
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IMAGE SCALE ON THE DISPLAY
Image -cale is defined ats the ratio of the linear size of the images oft bjects onl the displayedl image to the lintear
size of the corresponding objects on the terrain. Figure I shows that the sAlant ruite to objects at tile top of tile

*field of view was 41)3 feet. whlile tit the blottom of the field it was only 10M5 feet. Thlus, it is clear that tile image
scale onl thle filmi and oil thle display kcreen increased from the top to the liottoni of the scene. '1'he displayed
image scale, ats shown in figure 2. as I / Q200 ait thle topl, 1 W~0 at the display center (not the center of thle
terratin on display I, and 1/4"470 tit the bottom of the display. '1Thus. the image of any object coming into view at
thle top of thle display increased 21.5 tniesi in liniearsize niaximumui dimensioul and about 0.5 timues in area by
the lttme that it reached the bottom of thle display scremn.

''l'he effect uplon imuage size of variation in stant ranige is shown for objects from 6 feet tall to 1,5 feet tall inl figure
1,Note that it 0-foot-tall object is displayed ait the top of the screen as only 1I millimeters tall. r1'e abli ty of

anl Observer to disc.ern details depends, inl part, onl how m1any minuiltes of visual angle are quiniendedl at the
observer's eye by the viewedt image. Figure 131 shows, for a '20-inch viewving distanice, the angular size
subltemnded t tile eye of anl observer by the displayedl image on the screen of objects that are b. 10, and 15 feet
tall, respectively. Nowe that the curves are, almost straight lines. and that the image oft a 6i-footiall object seenu
ait thve top of the display suibtnds about.10 mlinutes of arc at anl obseavver's, eve.

DISPLAY AND TERRAIN RESOLUTION
'l'o det.'rnine the approximate resoltition oif dletails Im1inlintum separable resolutionI oit the displaty screen, the
1111.4" aircraft was flown over high-contrast three-biar resolution test patterns at Wright-P'atterson Air Force
Base. Tlhe 35 mim filmn was printedl at a% reduced image size on W6 millimeter film,. with the saine filtms,
development, printing, etc., used on the terrain films with which observers wvere tested. Tlhe I1b mm film was
projected onto tile samle small 133-by-l1lO millimeter screen that lwas twsil in tetngsbecs tlheiages kif thle
resoluition test patterns onl the screen were examinled with a 10 power i linch fowal length I hand-held nmagnifier
to finid the snmallest vertical and horizontal 3-bar patterns that were, resolved, Trhe criterion oft resolutiont was
thle %Iual onle in optical testing: A ''resolvedt" pattern istione int which the three bars canl be seen ats three, evenl
though not sharply definied. 'I'his is a minimally'discerilable criterion. T'he separation in inches bietween lthe
centers tif all the test "bars" ill the aray of paitterns onl lthe groutnd was knownt. Thulis, knowledige tif whichv
patterns were just resolved, lefts focal length on the camera, display muagnificat ion, camiera decliniation angle.

and airvraft altitndc 41.tixfv a Variety oft types of resolution to be coniptited. 'Il'hes included Vertical andI horizontal resolutions on the terrain and on lthe grouind, and ont the terrain for uipright objects. Th'le resolution
datat are givenl inl table 1. Since Cameras resolve fitter details with high contrast obljects th1141 with how contrast
objec-ts, thke retiolutionl oit ground 4object that were low in contrasit woutld 1be lessk thtan the valttes given itt the
table.

''l'he very narrow field fot view iW6 3' high bty ll0 20' widlel of the motion pictuire camuera resulted in pictures
whose resolution in the image Inot ati the terrain) variedl Very little acros the display. TIltis was also true for
angular resoilution. Imiage resolution ont lthe film !in te'rms of whicht 3-bar test pattern on the terrain wvas resolvedl
was very Chowe to that on the display. Th'lis wasN touitud by exantining the fillm on a light table wvith a mtagnifier.
At no parltiof the picture did i rujelima caulle 11nure thtan a 10% loss hi reftilutioll, Andi iii some Ivarts tit thle twenef

lnsil'tioll KIMd study oft lith, Values itn the resolutiont table reveal tiomac Interstitig facts. Note that the average
angular ropoluttion is given ats 1. .74 mlinttesi of are. This Value is4 for the Angle subtenlded between thke veniters of
the "Audinti wtal pattern bank. Visual resofluktion tis sally given hin tertiutAf the angle siubtended4 by oull baw or



NOTE. T1he equation giving S for various values
of N, object height iW feet, is:
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space. so that the display resolution of 1.75 minutes of are becomes .88 minutes of are when computed as it is
for lthe eye. Thle average unaided eve in bright sunlight and with a clear atmosphere (tile conditions under
which lthe pictures of this s;tudy were collected I in a laboratory situation is nominally quoted as having a

resoltion cap~ability of about tine minute of arc fo~r Snellen letters. For a bar grid pattern, normal visuial

resoluition is slightly superior to one minute, In anl aircraft the vibration plus optical imperfections would limit
visual acuity to not better than around two minutes of are.'fu. test subjects could see the details of high
contrast objects, in the displayed scene somewhat better than they could have had they been using unaided

vision from the aircraft itself.

Ali observ er with average separable visual acuity (resolution)I of I minute of are per line can just resolve about 4

high contrast optical line pairs per millimeter or about 2 lines% at at two foot vie-wing distance undtter good
viewing Conditions. TIhe resolution table shows that thle average display resolution, in optical line pairs. was S
onl i 1.6. Tutherevvwas anl appreciable amount of "empty" display magnification. It should be kept in mind,

then. that inl thle present study' thle observers were not examining displayed details that were too small to be
easilv discerned.

Tlhe 1. 7. optical line pairs per millimeter average vertical resolution Shown in table 11. in conjunction with tile
133 millimeter height of lthe display screen yields 2'35ý optical line pairs oif vertical resolution. Similarly. thle 1.,31)
line' pair average' horizontal resolution plus thle 180 mmn screen width yields 250 horizontal optical resolution
elements 1iia pairsl. D~oubling the optical linte pair values tot obtain television resolution elemients l'IX lines)
:tields 470) vertical 'l'V lines and .0K) horizontal TVW lines. Trhis is about one-third better than thle resolution

capabilitly of it well-adustijed commnercial television set receiving a good quality 'i'V broadcast which yields
abiout 350l resolved viertical T'V linies. T'hus. it should be kept in mind that lthe present study used at display
uwhose total amiount oit restolvedl picture details was only slightly better than that on a common household Ti'

PHYSICAL MEASUREMENTS OF TARGET IMAGES
Thet followinig measturenments were taken tit examine lthe relationships betweeni physical characte~ristics and
variouspe~rformnca~e kupeaures:.

TIarges .14:e. T'he size o' at target image is definled its thet diameter tof thle smallest cirele that van be drawn
arounitd tile imtage. It is thle manle as tile niaxiluntl dimension of thle target. For example. thet maximum
dintensioum or size of a target imuagedt as a rectangle is tile diagonal of thle re'ctangle. It should We kept in mnind
that thle size of objects tin thle terrain canl Ie found by muuluiplying thle maximum dimiension of thle displayed
imiage b1V lthe reviprocval of lthe himage scale atl thle sereen position where thle image appears. T'able 2gives thle

avrgesze Alf tile four types tif targets and lthe average size of their imtages ait thle venter of thle displa sreen
'I'lie fonner %%ere determined front meastirentents of lten lattler. Note thtat tlite average truck, ait 12.0 feet. was
4horter than1 lthe average car ait V).1I feet. TIhis happlened twecatise most of the trucks were pic-k-tip trucks antd
deliverv trucks which art- kluite short. rathier than lthe larger varieties tusually brought tot mind by tile termt
"truck.k" Shice vehicles tire often viewed fronm lthe front or back. rather than broadside. average Sizes tire
omilewhat less thanl average lentgthms, Note that thle average person's "size" was six feet *rhis inceludedl shoe

heels4 and1 hauts. it worn. Sincee thle filmiing was donle ailong voltitry roads. people were standing ttp and. likely.
frvijmetlelll wore With shoes and hilts or Caps. Probably Most oft tile- people were male%- not many femnales are

Iarg,. hilage :e111trass: 'I'he himage eontrast tif coitteerm htere is brightne~ss contrast. whichl is onte measure tiof..
how lthe imlage tif the target stands ouit from its sturrountd tor background) t itle to the brightness difference
ietwoeen themi. To avoid Woth mnegative values of contrast and very high numierical values4, andl to express values

ink pertenltage forml. thle formtilla tise-ti wats C.l~x''tl1 for target imtages brighter lthan their baekgrouttnt
and4 C =ICK)ItVxIV.III when lesbih.This is a C ht)WxMAX-MINIh/MAX formulation. Thme brightnests
oft the target vwas averaged over the endwtir wgi; Ilackgrowtin brightness was tile Aterago of thet brigh11ness of

`3~



TABLE I

RIE'SOLUTION OF THllE SENSOR-DIlSPI'AY
SYSTEM MEASUtEI.)+ AT TH1E DIlSPIAY

Direc~on ~Location oin the Display

Type of Resolution A'eastired of Resolution Top Center Bottom Mean

Angular Ground Resolutioin: Minutes of Arc
Angle subtended at the air-
craft by the centers of just- Forward 1.67 1.44 1.53 1.55
resolved"I bars in the Sideways 1.86 2.05 1.98 1.96
resolution test patterns* onl
the terrain. Mean 1.76 1.74 1.76 1.75

Linear Vertical Object** Inches
Ground Resolution- Vertical
distance onl the terrain between Forward 28.7 14.2 10.*6 17. 8
the centers of just-resolved Sdwys 31. 9 20.0 13.5 21.8
vertical"'+ bars in the resolution
test patterns onl the terrain. Meall 30.3 17. 1 12. 1 19.8

DisI§ ic A.slutn Millinieters
Spacing Oil tile display betwveenl
the v~enteirs of just-restolved Pom'ard .61. .5 (5 .53 .57
bars inl the itnage of the revSo- Sideways, . 68 .7527 7"
iukioll test patternks Oil the

terraitM ean .44 .66 .63 .64

NOV~jIt- Lino Pair tIpteolution:. Line P-airs/Mill itneter
Number of optivlen line pairt/
willllnwter in just-"%olvved Porward 1.* 63 1 . A9 1.* 7,1 1.*77
~imvt In thle Ima~ge of tilt, Veo Siew 1.44; t.. 1. 38 1
lutioll test p~atter~ns on tile
terrain.. jmeal 1.4 1.61 1.58 1.5h

+ ALI vu~" a".t tor a l111k. 4.tnwil tI.o .'.'nte o 114 tu displity unit flighIt Imih.
+ +I~ree~em af li~~dutaum tirwa.rit" L4 in t1n11. 4616t,64,41 JIIg?40t. wvhiAa 6a Itu. up-down di.~titiy .it'wut

whilte "All'ways" 6 is4W dwr.s lhtight pskititor digplaty.
+ 4- 4-JimRiscilmh~~rr A limitertt .4itlr, hdtrw Imni "jstA4.d It Owl patttef awa i " att %emliti'si 4ml 6w wkhiela

dt, irsithr hatrit .'..nt1w 44ttw. ttn i thed d'n ii. Isaft wing ak Mixt! eilgaiitir.
"vile tes~t lufierlts wir.' itit dwt mawtiana Air F~wtv 3-bar quiNttgrattimn. aild %vw Ituhittai tut. tw fwawaty at

*0'Iertivaa Mija'et: Th *i'i'rsolitta teP pa~ttermi It 4.aati til vertW~ic-l inawfratit . yit4t Iatriwaltildi. 1titleiadtic
%V11% .'aakUIMAtI 1"411 ViatUPA 011ailt' ovitia this patutimta palutivi wk the. Halt rwawy.

NtYfirP.- In *'tirwiwhig 'tkymiattng nitar resauioaW waithitsk that ..f dtiko~ it niuttg 1w koept it, naimtid thatt Ilwilti
5141li11i vimtttl r.'ttaittttaai titibilimmi tilt eiartAtah'. dis timiatwlv sAtii. uetU..' d tjavaliaaaOfw s4Ue
b.V4w.'i du.' Wm~a wit tho dismvtanto'bewea bar .'.sulm t4.k salve.



T'ABLE 2

THlE SIZE'S+ OF TARGETS AND TARGET' IMAGES

Average Size of T'arget

UN. Ie o f At D~isplay Center, Ott jt' '1errain,
Iairget inl Mililimeters ill Feet

People ".0i7

TIrucks 5).77 -1.

Cars 0.76 ( 15.1

11 C. Il 02 5.3

tfsize4 tire diamileterA tit smiallest jirele that call ene'lowt the target image oil the display-.
"lietual" target sizews are valvildated hly dividinig the size ait the display center by 304.11 it)

comnert to feel 41nd1 thenl mltwiplying by (410, the image seal.' favlor ait the t'ener of the displ~ay.
T'here is no correction fist perspect-ive, head on view of ears. ,tv. P'eop'le art, outdloors and arek
standing, andi their size inlehides Ilats. if worn. Sizes' are averages Alf target.' available, not
utsorage size oft deteeted targets.

2'.
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four circular areas three mtillimteters inl diamteter immiedliately adIjacenit to. bill nlot inciluding, tie target. Dueit to
tie small sizes of somie of thle target images, brightness nmeasures for calculating target contrast wt'rc obtained
bty projecting pictures ait high mtagnification by increasing thi' projt'ctittil dis~tance't. 'Ihis was donle widithe(li
motion picture projector used for testing subjects atid with thlt same type of screen nmaterial used inl testing
sUbjects. CIontrast at thle sereien ats viewed by the observer was then calculated fronm thle uteasurvemlent data.

"T'o obtain target contrasts, tile brightness of areas onl tile display screen were intasuredt with at Spectra
Brightness Spiot Meter. Modiel 1505 11B 1/2, with tin S/b- It reducing tlens. Th'le sens~itivity and nlarrow angle
of view of this photolltcdtiplier equipmlent allowedl precise brightntess mteasures ito bet 1made on 11tinu1te areas.
However, thet images of people were saland wvere not well-resolvedl, So that tile reliability and accuracy oif
cointrast measures on the imtages of pe'ople' were judged as niot actveltable. Thuls, contrast mesrmnswere
Iltade onlyI on thle thlree larger, types of targets.

PICTURE PRESENTATION PROCEDURE
A small part of tiet total footage oft filml was selected as (ie malst suitable and was spliced inito fonit rolls, with nio
areai oif terrain d upl icated onl differenit rolls, Eavih rolli of fi lili con t a iled 10 nt it icial m ilecs of terra in and

ituajuedl allt foti types of targets, binI, for ease' of scoring sulkjet'ts and tow simplify lith, task for skit~jevts, thcm
wvere told ito searchl tile' d isplay forl only one' lyty cc't target till eac10 roll. InI tt'rms of targets of interest til each
1r0ll, roll A contiained 28 varsz roll 11, 15 ltrucks, roll C, 1t4 pieces of hteavy comstructiott eqiuiptiteut, anld roll 1),
L2 people, for a total of 813 target oibie'cts

T'he fouir films were projetled tl t4plen iall i withi the ordier of presen tat ion 1.and0 'tin iv ed acrossA si ibject s. F.1101

scibJett slaw aill fot ir rolls. 'F'lit malt ionl pict re preqiector frallie ratt' of 214 piou trt's pe tevi 5t'ciil nlillhtttl at grom id
spieedl of a pprox~ima tely Ito k alots ait at 3410.fat ainra'nft aIt it cidt.' l'he in nit i ug litle' foi- eachl of (lthe ft tnr

I -,acicl~itlefilm strips was Ito utitlutes. sit that the total viewinig timie Iter test subjikect was 'to minuittes,

t% lithe silli dated a ire'ra f splted of (d knots, alilt e bjeet appearinig ait tille top oif the d is1 clav took 2 1 setwoet Is to
M Witcictlowi' i to (lie v'cnter of the diisplcayi Isee figatire 2), a it nd ~i A4 miore seconlds fli, oli(t't't ii ic domc l c 4 lil0 cthe
IM110t n emief th li 1t' a di1 y 4ý, 'l11iuA. thet :ota Itimie of 241A -4ect cids tIom ti) v' fro111 10c( t Itvot loch o (Ifc tit dispt tlvat inci
lhat imtages til lithe display m oyed atl at leisuirely p act'. This Ipoint1 is impo crt anlt Iill visual ie. ing thle suhiject Is

eclm-erviuig task,

TEST SUBJECTS AND THEIR INSTRUCTIONS
Ficiitceiil h ii ersilstofI)i t c enlol s11tinclcs se'ri cc Itas sn ijc't~is. Fac'll bcaet' 1111' dcc iccghli I faiiliar %iit it i hc
4411nig cic'ntI lint lit' ha141ll (cc p Iiishft rc Ilie wa is testlet 1. ml it'ia tcl Ibefoel ci'leiiig c'stt'cl, et'ac' sl lejvc i% itas gi (ititcn
pitnivtie trial uith it shoa lt strip itf inuigi'r% T lhis was cit iii so that heol' ill iculcKntm Iim cit(c re'sp ond I4111611ing tle

mlater test rinns andlitt let litil knlow what tic eml ect' alot, tiltie' imtage lirtiis t icsclithe trgets. After t his trial
run,. eat'l stilcijeect read till, let' ilistir'tiotis I Acpiwittdk D I hic'll Aske'd Willtitc ilclciitif targe'ts IAs *cjic'kl% A4 lit
441c11d. 'I'llt e re itc cld Il Ici le uest immd inn ccr(cci en Illotst ofltb till linn' seart'hling thet kipper ;caltit cf(lthe
thisAcla) it ber t.arget.% iiscinll11 firsl c'aiiit iintco tilt% it icc Its tic c l'ct igt'ts tit lecnge'r vlsaits. 11wi%' wttre' alsoi
vaittioletcl c tict141 re'sAckctttl Itcc uccntargi't tcljij'ets. 'l10V ei t'll alstcgiie'll 1411 iilfstritlticllk A.11001.

* DATA RECORDING
114,11 ia suilcjc't %Ik iseti tet iticliecuc that ti ctlcil'ct %w4it as trgt't, lie 11111144 thie tipl (If (lilt' At 14it. i1 c1411 it %t ithi his 1c4-1

htiiland owl rllallý eiwsrilcedl it tic (lilt' t'St aciniisr lle itdg hcehliticl buttl, %A ithIhis r'ighit hand tIhe s~lcje''t

1cjiirssed tile apprprcalttt. mvitchl ill at 31 3 arran oif s%%itc'lte' It% inchlic'ac'h' ee'l ccl 44411o t11n' Sie'c'4it cccuktailiiIIil~t-(i
tairgc'. 11Mids-I saP41it 41141 c0'11is11 a0 laaai'ak (cctaca Icicillre ccl it datak 1111114.1 c'cilitaiuIig dtigital inldiatects fcil file'

sit tc'~iichcatc strceel ltttstieliollt ali e'tcvilittc' gil iilg ltike 11n11c' lititiiewtfthe'1 l tict, iollt oil Ilt.' .t.4'ic'l I Itellc the'.
Jawa c'alnte ua ttii attlm, As at Isilit tit infore'st, a4 Sci'tcekt't it hictl cil Ith a aiITAit' citch p1u14-d till' 14tcnnte'r ccnc'
for c'wcc Iciiclme till tile 1,1ll tit fihtit (c it)chic'iat' 1whvicl Iciittir' it% titcll (lit' thispjih ity s tucoili'it the ucct

* c~dlehcesetim4 d otn'sitch. Acto tactu lac ilk ii ts' l.atu latalflwiutcccu. thle tem partncciutc di tic t cltikte settling



dluring test runs. Since the data camera (lid not malfunction during tests, the target location in the 3 X 3 screen
matrix anot u�ed for measuring screen position. hence recognition slant range, data. For false positives the
experimenter estimated the screen position at the time the response was made, recording a false positive as
being in the top, middle or bottom third of tile display screen.

PERFORMANCE MEASURES
Number and Correctness of Responses: Each time that a subject placed the point of his stylus upon one of the
83 targets and depressed one of the nine screen position-indicating switches, he was credited with detecting a
target, i.e.. with making a correct response. A false positive or false positive response was a response in which
the object designated by the subject was not one of the 83 targets. A false positive is thus a nontarget object that
is mistaken for a target.

Reaction Time: The time that a target inmage was visible in a detectable form on the display prior to being
designated by the observer's depressing the data camera record switch. Note that it is not the interval between .

ithe appearance of the image at the top of the display (often it is never there) and its designation by the observer
with his stylus. The reaction time or response time was obtained by using the picture of the digital counter
rectrled by the data camera. This counter started at zero for each film run. so that the picture showed tile
experimenters the exact picture tor *franme") being projected when the data canmera activation switch was
depressed. At a later time, in the laboratory, this picture was located on the film, and tile counter set on zero. A
projector that could run backward, either rapidly. slowly, or a frame at a time, played the film backwards until
a frame was found where the target was not detectable. The number of prior-to-detection frames plus the 24
frames/second rate of the projector when used with the observers, permitted calculation of the reaction time.
Reactionl time was not measured for nontargets mistaken for targets.

Screen Position: The distance down the ldisplay screen of the target when a response (switch depression) was
made to it. Screen position and reaction time are not always directly convertible, one to the other, when using
motion pictures taken in flight. This is partly (lue to variations in pitch and yaw of the aircraft. Thus. a bend in
tile flight path causes the images on tile film to move sideways while a downward dip infhtences vertical image
motion. Some targets appeared first at the edge and partway down the display. instead of at the top. and a few
target images. for short perioIds of time. stood still on tilth display or even moved upward on it when the nose of
the aircraft dipped. Also. the images of moving vehicles on roads inter•ecting with the flight path moved down
the display screen at ani angle to the vertical. It miust also be kept in mind that there was extensive vegetation in
the forin of trees and brush. This caused "masking" or covering up of targets, especially when roads turned, .4

even slightly. Terrain masking and vegetation masking were especially severe for heavy construction
eqluiplment. hecause it was off tile roads, frequently in low areas or water. Many of the roads are raised above
tilth surrounding terrain so that objects beside tihe roads may be Up to several feet below the road. iTargets of all
typles were fret~lently well down tilt, display before being revealed by unnasking due to aircraft nmotion, From
Appendix V it may Itt, noted that only 41 of the 113 targets were available on every vertical tenth of tilth display.
seven were available on Q of the tenths, etc. Front this discussion, it is clear that recognition slant ranges and
screen position are not highly correlated and may differ by a factor of up to two or more for sompe targets.

RESULTS

Appendi, II lists tilh, image characteristics and gives the observer performance data for each of tit 83
individual targets. The image characteristics and plerforancte dalit of this table are sunmmarized by target
tylp in Appendix Ill. Individual target dala permit somue interesting comnparistins between type•s
characteristics, and Is'rfornianee mlieasures. This will be done later on in this report in% Uonneetiont with analyses
done onil the Iprformnane data oif individual observers.
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PERCENTAGE OF TARGETS DETECTED AND DETECTION PROBABILITY
1'h'e percentage of targets detected by each observer for each of the four types of target is derived fronm the.
numbers deteeted given in table 3. rThe percentage detected is simply 100 timesi the nmbiler detec~ted divided by
the number available. 'i'his ratio, without thle factor of 100 to convert to a percentage, is ain estimate of
detection probability usinig lthe relative freq~uency definition of probability.

Il'he, percentages detected given inl table 4 for thle four types of targets is plotted inl figure 14 against lthe average
size oft avatilable target ats given in Appendix 111. Note that lthe detection probabilitit-s ranige from at low of .4(
for the smuallest type of target, people, to at high of .82 for lthe largest type, heavy construction equipment. lIn
more easily remenmbered ternms, detection probability varied from slightly less than 1/2 to slightly over 4/5thi
ill going fronm tile smlalles4t to thle largest type of target object. As at point of intere'st, thet two most conspicuous
people targets were each detected by 93% of thle observers, while one person target was not detected by Iany of
the 14 obsertvers.

As noted earlier. the camera lens and filmn were selected by theoretical cailculationsl followed by
image-collection trial flights to make sure that anl appreciable fraction of tile targets of every onie of tile four
types of targets would be found and recognmized. 'lhe data show that this goal was, attained.

With thile test conditions u1sed inl the present study, the average hiuman target was almost as likely to be missed
as to be detected. However, it must be kept inl mind that most people were either onl or adjacenit to roads, and
werte frequently inl close proximity to vehiclt's or equiipment. Also, their civilian clothing was not the drab
low-visibility attire oft soldiers. It is niot unlikely that very low contrast objects -would, especially ini rapid
search, bie le'ss detectable than lthe target objects used inl tile present study. Similarly, military vehlicle's have
colorationi not favorable for detection and kire often inl fields tur onl tree linied foliage-overhutng poor quality
roads. In ita military field situation both people and vehicles wouild probably be less detectable thtan thtey were in
tilt% present study.

ACCURACY
Tlhe avviurary score for anl individual observer is the poerentage of his responses thtat are ciorrect. Operationally.
it is 10) linmes lthe nutmber oft targets that Ile designates ats targets, divided by the total number oft objects lthat lie
designates ats targets, Accuracv meoe for thle 14t individual observers airegvnital .Temasad

standard deviations of lthe accuracy stores for lthe four types oft targets are poltotd against targot size in figure

Thee figuire shows thtat lthe average observer was lthe least accurate for people 041I.(0,0 and wats the most
accuirate 1114. 11% 1 for he'avy contimruction equiipment ( 1iCE' 1. 'hnwith tilt conditions oif thle present study.
ablout 3 out of( every 5) obljects that observers caitlle peimphe were people, and about 6e oun of every 7 objects that
we're designated as lItIC' really we~re 1htE., O bserver atcenravy for trucks, and cars were between these
extremes. In line with %vtlwhatthpheid ablot detection probtability ill t military situation, it is likel that

theallre ul otatillstitpeoleandlit coorand locaotionsi of ehee inl militakry rather than11 civilianl
situtationis will result it% lower observer accuracy, given similar conditions tif image miolectionl and dis~play, titan
was lthe case in (lte present mstuy.

Ittlthe graphltt of accracy versuis ta% get siie lit figure 15~ is exomtlned again, tit is apparent that there is anl increase'
in accuracily front 1441110li to heavy conistructionl etiuipmentil, tile tonea for e'acl target type' being ait at higher poeint
tin tile grapth tltac the next% stualler target type. Now, It is clear that average shiape, vontrastl locationl in tlte
seene vontext, 11n1l other fac-tors thiam average size differ for thie four type's ofl targets, 0110e n111ust be
cautiousm abhout attributting the obtimited increase inl average aecuracy to lthe increased average size oft targets lin
at category or type'. Also, it uhouhi Ito remembhered that,'witht only four Psairs oft stores, a statistival test iz quite
insensitlive to ratllee' large amontis tif genuineo relationship Ilotwotm the variablesi.
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T1ABLE 4

P~ERCENTAGE OF T1AR~GET1S D)ETECTED

1ercent of Targots Deto-t-ed (No. DetecteL-d/No. Aval lableoW00

Observer People. Trucks Cars lictE Sum11 M1eau Tq r et'

a 42.86 53.33 46.43 89.47 232.--09 58.02 56.603

b57.14 6M~0 60.71. 94.74 27 2. 59 68. 15 67.47

47.62 331.33 67.86 8 4.2A. 233.02 58. 26 60.24

d 33.33 33.33 75.00 -84.21 225.87 50.47 59.04

J 33.33 53.33 53.57 63.16 203.39 50.85 50.60

f .47.62 60.00 75.00 78.95 20t.57 o5. 39 60.26

g57.14 66. 6i7 92.86 89.47 306. 14 7t).54 78S.3.1

hl 38.10 33.33 W0.7 1 814.21 2 '. 5 54. 0l) 55.42

i . 57. L4 53.311 75.00 89.47 27.04 t)S. 74 6488

1 33.33 53.33 60.71, 84.21 211.8 V 57.40 57. 83-

k 06.67 40.67 75.00 94.74 181.08 70. 77722

1 33.13 4(1. 6i7 07.86 2.6.(3 '200. 4) W0. 12 18

4' 7 4. 62 33.33 57.14 73.68I 211.77 52.4 154.22.

n47.62 00.00 75.00 84. 47 2.04 8$.0 (IS. 07

Nan~~~ 6~42.85 865 442. 8S 1 5216 4249 5,2 ~ 8'.

Mon45.92 49.05 07.3s $2. 33 .2.44. o'4 (II. 16 02 .0)

Mdial 47.02* 53. 31* (17. 86 84. 21* 2'32.SO SS. 14 5.1

S..10.8.1 11.58 11 74 1.0 1.2 8. 11 8.41!

'~Th it. i- tilt modtl .mu it; olose to thn' 50th% vcret.~~ilt ilv, tero it; no de f k bI

uIledia n WthIils VotUinn1.
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TABLE 3

RESPONSE ACCURACY~ AS A PERCENTAGE

Accuracy+ =(No. of Targets Found/No. of
_________Ob cets Called Targets) X 100 ____

mean!/+
Observer People Trucks Cas HOE Sum Mean* Target

a 50.00 47.06 56.52 89.47 243.05 60.76 61.04

b 60.00 56.25 70.83 81.82 268.90 67.22 68.29

c 40.00 45.45 86.36 64.00 235.81 58.95 60.24

d 33.33 100.00 75.00 94.12 302.45 75.61 69.01

e 53.85 61.54 75.00 75.00 265.39 66.35 67.74

f 62.50 81.82 77. 78 100.00 322.10 80.52 79.71

g 66.67 62.50 81.25 89.47 299.89 74.97 76.47

h 44.44 83.33 77.27 84.21 289.25 721.31 70.77

1 100.00 61.54 100.00 100.00 361.54 90.38 92.06

j 53.85 50.00 771. 27 76. 19 257.31 64.33 66.67

k 51.85 25.92 56.76 51.43 18.6 46.49 47.62

1 70.00 100.00 95.00 100.00 365.00 91.25 91.49

in 50.00 50.00 100.00 82.35 282.35 70.59 71.43

n 83.33 75.00 91.30 89.47 339.10 $4.78 $6.36

819.82 900.41 1120.34 1177.75 4018.10 1004.51 1008.90

Mean** 58.56 64.32 80.02 84.11 287.01 71.75 72.06

Median 53.85 61.54 77.52 86.84 285.80 71.45 69.89

S. D. 17.46 21.39 13.70 13.96 49.97 12.49 12.38

+ Accuracy is the same as the percentage of aill objects called targets by the observer
that are targets: A = 100 X (numiber of targets detected) /( number of targets detected
+ number of nontargets called targets).

*Mean Su= /
**Mean Su&ni/14

++ Mean/Target 100 X (sumi of detections for all types of targots)/( sum of detections
for all types of targets + sum of false positives of all types). This is not a mean of
the means for different types of targets.
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SCREEN POSITION AND SLANT RANGE WHEN DE17ECTED

As explained previously, most targets enter the display at thŽ top of the screen and move down it. Hence,

distance down the screen, expressed as a percentage of the total height of the display, is a meaningful way of
designating screen position at the time that an object is designated as a target by the observer. The average
value of this position at the time of detection is given in Appendix 11 for each of the 83 targets and means for
target types are given in Appendix I11.

The average positions for individual observers for the 4 classes of target objects are of more interest. These
values are given in table 0 and are plotted against the mean size of target for each target class in figure 16. The
values are 54.7% for people, 54.7% for trucks, 44.3% for cars, and 27 .5% for heavy construction equipment.
Note that people, cars, and trucks were, on the average, detected about halfway down the display. However,
the comparatively very large heavy construction equipment (average size at the display center of 43 nun) was
detected, on the average, when it was only about one-fourth of the way down the display.

T1able 7 lists for individual observers, and for classes or types of target, the mean position onl the display of false
positives when designated as targets. The mean values, by target type, are 55.3% for people, 67.7% for trucks,
33.8% for cars, and 50.5% for heavy construction equipment. Tihus, tile average false positive person target or
heavy construction target was responded to at about the center of the display, the average false positive WF.P.)
truck at two-thirds of the way down tile screen, while the average F.P. car was responded to when it was only
one-third of the way down. Comparing genuine and false positive targets, it may be noted that the real targets
were, on the average, detected at about the same position as the F.P. targets for people, detected later for
trucks and HCE and, responded to more quickly in the case of cars.

The screen position when detected is, fr ;1. im applications point of view, of less interest than tile slant range
when detected, sometimes called acquisition slant range or detection slant range. Tile mean acquisition slant
ranges, calculated from the mean screro positions when detected, are plotted against the mean size of available
targets in figure 17. The mean acquisition slant ranges, in feet, for the targets are: people, 2,680: trucks,
2,000; cars, 2,630; and heavv construction equipment, 3,460. Note that images of people, although only half of
tile size (maximum dimension) of truck images, were detected at essentially tile saine distance. Cars, only
slightly larger than tile trucks in the present study, were detected at about 10)% (2770 feet) greater slant ranges.
Particularly interesting is the fact that heavy construction equipment was detected, on the average, at only 1.3
times greater slant ranges than trucks. This is of interest because, on thie average, heavy construction
equipment is about 6.3 times as large in maxinmun dimension as trucks so that their image area is about 40
timues as large. Even keeping in mind that thle imuages of lthe two target categories differ in several ways, it is
clear that target acquisition range increases at a much slower rate than does target size.

DISTRIBUTION ON THE DISPLAY WHENt DETECTED
In thiet preceding section mneans for individual observers and for types of targets were examined. A more-
thorough examination of tosition down the display at detection requires all investigation of the distribution
down the display of detected targets. This is dune by pooling the detei-tions of all observers for each otf tite four
ty|ps of targets and cumulating hadding) tile percentages in successive steps. each step being 55% of the
(distance down from tile top to tile bottom of the display. The data are given in table 8 and are plotted ill figure
18. Note that in thit' first or top third of the display, the increase in percentage of targets detected is
approximately linear with screen position. IFor people and trucks it is approximately linear all the way down:
lthe display, but for cars and heavy construction equipment the rate of increase after the top third of lite screen
decreases. Fall off is greatest for heavy construction tquipnment. Note the closeness of tite curves for people and
trucks and the large separation of the ear and lICE distributions from each other and from tile curves for
trucks and people.

T'he s1haes of thet, curves of cumulative percentage of targets detected lpermit speculation about tile adequlacy of
i thie vertical field of view, liouip types of target mtay Ibe bing acqMuired at all appreciable rate at the bottom of
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TABLE 7

AVERAGE POSITION* OF FALSE POSITIVES ON TIlE DISPLAY SCREEN WHEN DETECTED

DISTANCE DOWN DISPLAY SCREEN
___.____ WHEN DETECTED AS A PERCENTAGE OF SCREEN HEIGHT

People Trucks Cars HICE mean of means FP means
OBSERVER n mean n mean n mean n" mean N mean n mean

A 9 42.7 9 72.0 10 43,4 2 66.5 4 56.15 30 53.50
SB 8 54.1 7 64.1 7 17.0 4 33.5 4 42.18 26 43.65

C 15 63.2 6 66.5 3 61.0 9 57.3 4 62.00 33 62.00
D 14 47.6 NONE 7 35.9 1 50.0 3 44.50 22 44.00
E 6 55.5 5 50.0 5 50.0 4 33.5 4 47.25 20 48.35
F 6 28.0 2 83.0 6 17.0 NONE 3 42.67 14 31,14
G 6 39.0 6 72.0 6 44.5 2 50.0 4 51.38 20 51.65

2 .H 10 69.8 1 83.0 5 43.4 3 61.0 4 64.30 19 62.16
I NONE 5 56.6 NONE NONE 1 56.60 5 56.60
J 6 66.5 8 78.9 5 36.8 5 63.2 4 61.35 24 63.75
"K 13 65.2 20 45.0 16 23.2 17 46.1 4 44.88 66 44.00
L 3 28.0 NONE 1 17.0 NONE 2 22.50 4 25.25
M 10 76.4 5 69.8 NONE 3 61.0 3 69.07 18 72.00
N 2 83.0 3 72.0 2 17.0 2 33.5 4 51.38 9 53.67

Sun 719.0 812.9 406.2 555.6 716.21 711.52
n 13 12 12 11 14 14
observer
Smean 55.31 67.74 33.85 50.51 51.16 50.82
S.D). 17.52 12.13 15.24 12.00 11.91 12.80
F. P. n 01261N 4807 2429 2600 15,962 2

n Sum 108 77 73 52 310
F.P. mean 56.72 62.43 33.27 50.00 51.49

*Thu position of individual false positives was known only to the nearest third of tho screen
height, i.e., it was known in which third they occurred. Values wore taken as the centwr of. .the third, namely, 17, 50, or 83% of the distance down the display screen.

+This is the average of the ineans for the typos of targets sum of ugw/N4 It is an.
observer incan for false positives.
4++This is the sum of the distances down the display at detection of all false positives divided

2 by the number of false positives. It Is a false positive mean for a type of false positive
rather than an observer mean.
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Equivalent Height in Feet of Objects on the Terrain

01

Top of the Scene on the Display 2
4r4

4.6

04. 8

00

00 -16 E-

C) 8etro ipa cen0

0ey 22

±1a + Standar~d Deviation
orReal Targets

Mean for False Positives

0
0, 8 1 18 2'0 28 3'0 3 6 40

Maximum Dimension in Millimeters of Images
of Available Targets at the Display Center

Figure 17 Average Slant Ha~nge. Whent Recogniued for Targets and for Fatse PotitiveA. The
horizontal ditumnson of the graph. object size. applies only to the real tarets. The slant
ranges arm calculated ftrom the average distnces down the display screen when bnsges
were desinated as targets. The standard deviations are not symnuetrical about the means,
oneostadard doviation above the muean in screen position correspeaing to tmore slant
range "ha one standardl deviation below the mnean. S1eeonds fromn tih top of the display are
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TARGET ACQUISITION RANGE IN HUNDREDS OF Fr-ET
X 4945 4239 36 33 30 27 26 252423 2221 20

~ To o DspayBottom of Display>----I Heavy
Construction

~ 80 oEquipment
(82.3374

75

~70
14 40 Cars

41 (67.35%~
o65

114. All Targets
~~60 Combined

(62.0574

.0 14 cpl
5(4

CO'4

o40 Tuk

30 (4.92

0040

10'30

'~20

6 Note: Since all data are pooled for targets, the
percentages are not quite the same as the

0 0 data averaged acrossý observers.

S 0 .10 20 301 41 0 6 0 706 80 910 10,0
Percontage of the Total )Disttnce Down the Dlispl)ay

Figure 18 Variation In percentage of targets detected with display screen position and slant range. The curvesi
are comiputed for all detections of all observers combined before percentages are taken. They are
not the means of percentages for individual obae~rvershtence the numbers at the 100% distance do
not quite agree with the m~oan scoen distance fur individual observers.
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the (lisp~lay just before they pass outi of the field of view. If this is true, then it field of view that extended
downard urter wuld erylikely leadl to the dietectieon of more targets. Keep in mind tia at te bottom of

the field of view the target images onl the display aire of miaximutm size and that, here, resolution oif details is
ailso neaxemniu. In earlier dhsets'siten, it was noted that the rate of detection of heavy construction equipment
"-fell of f'" or diecreased ntear the bottom of the display, i.e., ait the top of the Sum ( %D) Graph. For these. large
objects, it would appear that increuasing the vertical field of view would have little or no effect onl tairget
dietectioni. However, car, truck and peoople detectiones were not decreasing, making it highly likely that at field oif
view extendeAd (ownward further would increase tairget detec-tions.

lee look into this matter further, Sum 1% 1)) was plottedl against the logarithmn of screen position. Fromt thle
curve~ts 8o obtained in figure 11), it is apparent that aill four distributions have two linear portions or branc-hes.
Each linelar portion may be described by at mathematical equation of the form Stin MD) =) A Log (X I + 11,
where X is screen position and A andl B are constants. Il'he constants tire different for the two linear brancies
anu ol fr different type's oif targe'ts. T'I'l values of thet cenlstants aire given in table Q, while table 10 gives obtatined
SumItc" D~)l and Saint I %l)D) caletelatted f romi the formulats. Note the close agreement of obtained and calculated
vallies. 'l'his is inl line with thle close fit oif thle data points to thle straight lines seen onl thle logarithmic plots. It
mcay be noted that only thle heavy construction equipment curves show at low value of the inclinationt or slopel of
the seconid branich of the curve. For the other three types of target, the second branch has anl iiicreasedl slope'
relatil e to the first brainch. Clearly, at field of view that extends further downward would be expected to be
benleficial foi. these types of targets. Th'le actual values oft the constaints will 'atry considerably with cakiera
inc-lination, field of View, type of targets and terrain. etc. Th'le vatlueq iii tilt table are provided only ito illustrate
thet fit of the Sumn i %D ) Idata (to logarithmlic func-tionls.

RECOGNITION OR ACQUISITION TIME
Whlen thle imauges of tarlgelts first appear onl the diisplav, til at, tadl tairgets are quitite somne diistance awaN . Du)e to
the forward 11oftion oif the aie'e'rafft, distantce ito tairgets devre'ase with titte, resulting in larger and miore clearly
resolve'e target imiaiges, D etection land recognition becomue easier. Eketi if image size' and resolutioen we're both
e~ce'llen t %% hien targets firest appeanred inl the field of view, a Itnost instant dete'ct ion acnd rece gnitionl would ntee be'
lio."sible', peope e take t imne' to sealrch antd ito reactl. 'Il'e earlier discussion of the' target av'i leisit ion slant range'
dau tie cle'Irl indlicie ted that acetittis ition taekes a it appreciable amotinocit tef t imte. Since' not all targets first ap pti'eared
tat the topl o f thelt, displaN slitunt range' IIt at'eti isit eon antd tiue' otit d isp la y do not correlate' polle'-t-11% loka
a e'tage' ctarge't reatic l t etimten' ine se'otus forl intliv ichall obse'rvers is illuminitt at itg. 'Il'he data are' give'n in table'l I I
dtcl the' tile'als antd standard deli' iaticens fiet. the'. fou.r targe't tpe's aite' ploette'd ine figtire' 20.

Not Nt u-prisinigh tlt-, the' cl at h el~ inge' hmlee'v~oust rect't itet en vikipi pe'nt was foundtlacnd ae'tkl it ede (dte'signa te'd. tillo
the' auet'age'. sigteifie'alcIt I qu~.11 it-ike'r thiatn ue're anm of tihe' tother three. typles of tai'ge'ts ebiI 1).74 se'cotlds
a fte'r apiwIealrone ocneee thee oh isj elati , ars, the' setond l Iarge'st till-gi't inl tihe' I) e-ilesit stM1 eic l i cne' Stl'e'ect Withe ate
14%ePrtilge' inen. of 10.10u Secondes. 'I'lleis is significacet 1% 1~ V.05 Ijec ieke'r I halt i'e'uit iont to pee'eiit an'itd teo triteell. I'Ike'
re'uee'tion Id e'sig uetimeit I tittie' te eoIp.Il eh, Mi4$setees. was not signeif itanct ly shtortert thane teo tnecks. 14.0%

sect ~ ~ t ecel. ' msis ti-ewhIat suerprisinig Wehen thlee large' dliffe'cc'tu'e in size'o it ric'kls antd pneoptle is noted. Note 1111t1le
deheteetieen tinte's fill- Ineee'ks %%e're' sigelifittattlý loenge'r thani fora cars thotecgh thecir avereage' Sie's dhiffe'red litt little-,

( hasl otlier fiet .er thatn size' are' 'eutegaeiele'i''

Stadr ccttluete i ce' t ie ens as elispaiedu~ec in the' tlele' landt oct thlee graeph, werce' raitheer smneall. e% e'n foelt Ickies w he're' it wu a
ucleout tive c as large' as (oer the' otheer thre'e titlets oef taurgt'ts. 'l'lut' stuicll standarduc delviatiiens re'flc'e' thee' seicall
elifl*te'emee's le't-ee'.a oehs',pl er tin sth ie' t thee taeke'i teo find the' de'sigieale' targe'ts.

PREDICTING AN OBSERVER'S SCORE ON ONE PERFORMANCE MEASURE FROM HIS SCORE
ON ANOTHER PERFORMANCE MEASURE.
'4arieeies talehe's ine til.' Ilh-e'%tt cre'poert Akce' tile' slee's tit intech icileal eeitSM'u'60e'S ct ti l ilff.'ce'et ieee'tsece'e's oif

Ik'efee ieie (ore feaet t'i'ecf the' 4 1Cem os'tf iaigelsv. 'I 'leis alloews v'utre'iatitei t'ek'fiviouIts tee lee t'ah'clatedi loee'tc'tu
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TABLE 10

OBTAINED AND CALCULATED* VALUES OF CUMULATIVE PERCENTAGE
OF TARGETS DETECTED

Heavy Con T t-1
Screen Equipments Trucks Cars Peopl e
Position, X Obtained~ Formula Obtained Formula Obtained Formula Obtained Formula

5 8.27 ..0 1.79 .0
7.. ..... _ -

10 18.80 18.19 3.33 5.10 3.39 1.36

15 29.32 31.73 5.24 4.51 10.46 11.45 4.76 3.37

20 42.86 41.34 7.62 8.16 18.62 17.17 9.52 7.78

25 48.87 48.79 9.52 10.98 21.68 21.60 10.88 10.92

30 60.90 54.88 11.90 13.29 26.02 25.23 12.24 13.48

35 62.03 60.02 15.24 15.23 25.59 28.29 15.65 15.65

40 66.17 64.48 16.67 17.53 35..20- 36.22 18.37 17.53

45 67.67 68.41 18.09 18.42 40.56 40.41 20.41 19.1

50 71.43 71.93 27.62 25.67 47.19 44.15 21.43 20.6741

55 74.06 75.12 30.00 28.66 48.98 47.54 22.45 22.01

60 78.20) 78.02 32.38 31.39 51.27 50.63 24.49 24.20

65 78.20 [78.14 33.33 33.89 52.30 53.48 26.53 27.02

70 78.57 78.80 35.24 36.22 55.61 56.11 30.27 30.78

75 79.23 79.42 36.67 38.38 58.16 58.91 32.99 33.72

80 80.08 80.00 40.48 40.41 61.48 60.86 36.73 36.47

85 80.08 80.54 42.86 42.31 62.24 63.01 38.,44 39.06

90 81.58 81.06 43.33 44.10 65.31 65.04 41.50 41.50

95 82.33 81.54 47.14 45.79 66.84 66.97 43.54 43.80

100 82.33 82.00 49.05 47.40 67.35 68.79 45.92 45.99

*C-dl6) -u~~e rmtile follnu 1a S'Ul"Tý13~ Bj~ ) ~ ~ -
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T1ABLE I1I

AVEll AG E T1AI(;ET It IEACT1ION T1IM E IN SECOND)S FOR INDI)VIDUAL OBISERVERS

tOBSER Mean Ihcto T~lfl1ime~ inl.Stconids Sull of , Mcrg

OBEVER~ People Trucks C.Ars I IC l _ Trgeý*
A 10.4 12.8 10.31 7.2 40.7 10.18 9.62
13 14.7 6.0 9.6 4,74 35.0 8.75 8,54
C 120 13.1 14.3 8.5 .47.9 1.91.8
1) 9.8 13.2 10.6 6.2 39.8 9.95 9.31
F 10.4 14.21 11. 21 6.8, v42.6 10.65 10.38
Fý 10.4 9.6 7.9 6, 6 34.5 C,62 8.28
(G 9.4 13. 1 6.4 5. 7 34. 6 8,65 7,80

it 13.8 25, 2 14.0 6. 62. 3 15.58 1.5
1 14.8 19.3 14.8 10.3 5 9.21" 14.80 14.10
J1 11.3 8.8 10.5 4.0 14.6 8.65 8.17
K 13.1 11.7 7.7 6.31 38. 8 9.70 9. 03
1. 15.8 11.6 8,4 .1.8 39.6 9,9)0 9. 06

Al1 16.8 2 2. 1 14.8 9 ). 63.6 15.90 1W.53
N 12.0) 16.6 11.,9 5,1 . 415.6 11.40 kl
Suil 174. 7 197. 3 152. it 94.4 61(18. 8 154. 71 144. 84-

Nlvan+ 12.48 14.09. 10.89 6.74 44. 20 11.05 10.3'5

*Average of Means (Su~m of Means)/4
**Mean/Target =(Total of React ion Ti fles! (Total Number of Detected Tartgets~

(Number of Targets Per Target Type) (Mean f'or Target Typp)/(Total Number
of Targets Detected by the Observer). Not exactly equal due, to rounding
of' values.
+Mean Column Total/14 Average Observer Reiction Time,

-15
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scores. For example, there are 14 scores. I for each observer. onl percentage of trucks detected M 1)I and onl tile
average contrast of the targets that were detected. Th'lus. individual observer "A" detected 53.33% of thle
trucks andl tile average contrast of the trucks that he detected was 51 AR. Individual observer "A" and the 13
other observers supply 14 data pairs for the computation of a correlation coefficient, r. Suppose that the r is
statistically significant (larger in absolute value thtan expected by chance alone one timte in 20) and negative inl
sign. T'his would indicate that tile average contrast of trucks detected by observers who detect a higher (or
lower) percentage of targets than does thle average observer tends to bie lower (or higher) than average.
Presumably, at least part of superior %D) pe-rformance in this case would be achieved by detecting more of thle
low contrast targets.

T'able 12 gives correlation ('oefficients4 between scores on thle -7 performance neasiures: percentage of targets
dettcte'd I% A11, accuracy, average target position onl (distance down) the display when detected. average false
positive I F. P.)1 position ont idistance down)I the display at detection, average response time (detection timies),
average size of targets detected, and average contrast of detected targets. Tlhe first statistically significant r in
the table, -.5310 for truicks, indicated bv an asterisk, is the one corresponding to thle hypoth~etical example
above. Sincet the Table has 21 cells, each containing either 4 or 5 correlation c~oefficients, it is not feasible to
discuss in detail each individual r. T1'le correlation table shows that:

1 . TIhe percentage of targets detected M D)) by ind iv idual observers varies significan tly% with lthle average size of
targets detected for three of thle four target categories. For trucks only, %D. also varies significantly with tile
average contrast of detected targets and with reaction timte.

2.% I ) (does not appear to ble related to accuracy scores nor to thle average distance down the display ( position
at detection)I of either targets or of objects mistaken for targets i F. P. 's).

:3. Only for trucks is observer accurars significantly related to: average contrast oif detected targets, average
size of detected targets, and average display position oif false positives at detection. Only for cars is accuracy
related ito average display po~sition of detec~ted targets and to reaction timte.

4. Average reaction time is significantly related to average position onl (distance (down) the display of targets
when detected. As expec-ted, thle correlations aire aill high and positive. For trucks, average reaction timte is
significantly related ito thle average size and cointrast oft detectedi targets.

5. Average target position on the display whenl detecited appears ito be unrelatedl to: (at) average contrast of
detected targets (except for truc-ks), IbIl average size of detected targets, (0I average position of false positiv'es
(except false poisitive people targets), Idi accuracy lexcept for ear targets). and tel %D).

h. However, ats expected, average target position is highly and sigtuificantly related it) average reaction (or
detection) timte.

7. Average falve positive position is. significantly mi~d posit ively. related ito thle average contrast of detected
taretsfo trvk, hav costrcton uiillmand it) thle mieans frtrucks, cars adheavy construction

equipmilenit.

8. Thie avergi' si:#' of deteeled targets is positively and siwniffivantly relatedi to %D) for cars, HICl' and means
;j lall targets combined), but is unrelauted to: accuracy (ex-cept for truckis), reaction tittle lexcpt for trucks)

average target position when detected, and ito average, false positi position whenl detectotd.

1). The average rantrrustitf detectedl targets is, except for trucks. iuuarelatedl to: I'A), u.ccturaev, reaction litile,
target position when detec-ted,. and average six.' of dletected targets lexc-ept for heavy -onstruction equipment Il.

* .Hlowever. average contrast oft deteeted4 targets is related ito folse postitive, position at detectioni for trucks, heavy
conistructionI equijrntent, and all targets einubined, Note that. for trucks. average vontirast of detectod targets i6

47



TABLE 12

CORRELATIONS BETWEEN OBSERVER SCORES
ON D)IFFERENT" MEASURES OF PERFOHMANCE

Measure Target Target Target F. P. Target Reaction Accuracy

Contrast Size Position Position Time

People -. 3390 .1076(11) .2547 .1804 .3518

Trucks -. 5310* -. 4050 -. 0048(10) -. 4208 -. 5017* -. 0939

%D Cars .4086 .5440* -. 2147(10) -. 3147 -. 3920 .2392

IICE .0885 -. 9662** .0126(9) .1800 .1228 -. 2629
Means+ -. 2000 -. 7226** -. 5064(7) -. 1503 -. 3130 -. 0248

People -. 3325 -. 0791(11) .2551 .2632
Trucks .5041* .5422* .6093*(10) .1903 .1280

Accuracy Cars -. 1780 -. 0614 -. 0851(10) .5626* .4952*

BtCE -. 2072 .2317 -. 0127(9) -. 1135 -. 0265

Means+ .1588 .3234 .1371(7) .1791 .1850

People .2137 .2650(11) .7618**
Trucks .5 28" .5206* .1134(10) ,9139*,Reaction .. :
e Cars 2822 -. 4119 4985*(10) ,9397**
HCE .0027 -. 0997 .4799(9) .9559**

Means+ .2946 .1479 .55451(7) .9814**

People .0519 .5434*(11)
Trucks ,4783* .3870 .2416(10)

Target Cars -. 3229 -. 4202 .4960(10)
Position iCE -. 3439 -. 2747 .4741(9)

Means+ .2722 .0121 .5814(7)

People .4744(11)
Trucks :6086*(10) -10143(10)F. 1).o Cars - .0129(10) - .3573(10) -,_

Posi lBCE .5565*(9) -. 0239(9)

Means+ .8646**(7) -. 0191(7)

People

Target Trucks .3718
Taret Cars s 4130-

IICE -. 4828*

Means, .0856 --

S**Statistially sigiuifvaiit. by a diretiana1ur t(uta"uHladed ttst. 011P astprhAk at the .05 , v•'el twt' asterakAs at the

+'111k. 11, au, aare Ilk data filr all of thet taalrgett tiubiabed btfore tw~rrtIatit s are eo pted, • 1

Nowte: NwiuIhrs hi pareutille, arteg ri, of 're•,d1t1, which are data pnirt4 liusa 2. Wheau tuu jwteaithe is
p1'etut, data Imira are 14 aud degve• t4 feedIwu is 12.
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related to 5 of the 0 performance measures.

W \hen the absolute sizes of the statistically significant correlations are examined, it is apparent that most of
themt are not large: most of them are smaller than .7. Thus, even the majority of the significant ones are of
marginal or doubtful utility for predicting one performance measure lor score) from another. The exception is
the correlations of reaction time to targets with target position on the display when detected: these correlations
are high. They are not perfect since some targets ldid not enter the display at the top. However, here there is ai
relationship largely due to measuring for most targets the same quantity in different ways so that prediction of
one from the other is only of academic interest.

For observer selection purposes. the most useful performance measures are % D, accuracy. and target position
on the display at detection. The latter is a simple mathematical transformation of target acquisition range. The
correlations between these three measures of scores clearly indicate that they are unrelated or independent.
This implies that observers were not uniformly excellent or inferior on the most important measures of mission
success. To the extent that the results are generalizable. it mav be said that one can't select observers who are
excellent on multiple criteria or eliminate those who are not since there are no such individuals. On the other

2 hand. indiN idual observers often differed greatly on specific scores so that -selection or rejection for specific
performance is another matter.

PREDICTING THE AVERAGE OBSERVER'S SCORE ON ONE TYPE OF PERFORMANCE FROM
THE AVERAGE SCORE ON ANOTHER TYPE OF PERFORMANCE
A further look at the relationship between scores on different performance measures is obtained by using as
data pairs the averages tnmeansI of target categories. rather than the 4cores of individual observers. Thus, since
there are 4 types of targets. there are 4 accuracy means and 4 screen position means, yielding 4 data pairs to
correlate accuracy for types of targets with screen position for types of targets. Here it must be kept inl mind
that with only 3 or 4 data pairs, the value of r must be quite high to attain statistical significance. Stated

4 differently, in such cases appreciable degrees of true relationship may not be shown to be significantly different
from zero: tests are rather insensitive with only a few data pairs.

ITable 13 lists the correlations between performance measures when the means for target types are used as data
pairs. looXking down tihe %D) column, note that %D is correlated significantly with position, reaction time.
and accuracy, but not with size. in the accuracy colmunn none of the r's are significant. Reaction time is
significantly correlated with %Dt). average size of target detected, and average position on the display when
detected, Ifooking across the contrast row reveals that the average contrast of detected targets is not
significantly correlated witht any of the other variables. Even the size - contrast r of .93 is not statistically
significant since there are only 3 types of targets for which contrust data were available.

Even though different types of targets have different sizes and contrasts, it is clear front the above tlat there

are appreeiable correlations between several of the performance measures, particularly between IX1), reaction
time. and position at detection. ilowever, actcuracy correlated signifieantly only with % ), and average
contrast of detected targets did not correlate significantly with any of the other performance meassures.

PREDICTING AN OBSERVER'S SCORE ON ONE TVPE OF TARGET FROM HIS SCORE ON A
DIFFERENT TYPE OF TARGET.
It has been shown that one cannot expect to find individuals who will be outstaidingly efficient or inefficient
tilon a mitssiois-related Ibut not mission-sp•eiciv) combination of several important perfonnanse measures. C-s .
ontle expect to be able to make reliable observer selections for only one or two types tif performance? 'iThis is a.
question concerning the repeatability of performlance. not just the mnagnitude of the differences in scores. Tile
present studtty has not repeatedly tested tile satme ob•ervers, nor were they intensively trained. '1'lmsu the
,litestsion cannot be tmupltetely answered.

4. . '
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-However, it is answered in part by examining the scores of observers on different types of targets. For example.
is there any relationship between %D score on truck targets and heavy equipment targets? Do the rankings of
observers on a given measure of performance show little change from one target type to the next, or do they
change radically? The answere to these questions, as revealed by data analysis, would concern within-test
imeasures of consistency or reliability, rather than a day-to-day measure.

Table 14 lists the correlations between the scores of individual observers on various performance measures for
v: ,• different types of targets. This table also contains graphical information in the form of "bars- extending part

of the way across the cells in the matrix of correlations. The length of these bars is proportional to r-. so that a
quick glance of the table indicates to the reader the degree of predictability of a performance measure on one
target fronm the same type of score le.g.. %D, etcl on another type of target.

Note that the first starread entry in the table is an r of .J481 between %D scores for people targets and %D
scores for heavy monstruction equipment. This correlation is statistically significant, i.e.. is larger than would
be expected one time in twenty by chance alone. However. it is not a high correlation so that individual
observers are not highly consistent on the two types of targets. Note that the length of the bar below the .J481 is
not very long, which indicates a not-very-high degree of predictability of one score from the other. The other 5
possible correlations between types of targets for %D are low and do not reach statistical significance. Clearly.
observers were not maintaining their rankings on %D from one typeof target to another.

Looking down the accuracy column, it is apparent that accuracy across target types came out somewhat better
than did %D): 3 of the 0 different correlation coefficients achieved statistical significance. However. two of
them were below .5 and the third was only .75. For most types of targets, accuracy on one type was of either
little value or of no value in making predictions of accuracy on another types.

The correlation coefficients between average reaction time for people targets and reaction time for other types
of targets were all low and not statistically significant. However, scores on ears, trucks, and heavy construction
equipment were XIpitively and significantly related to each other. This means that. except for scores on people,
the rankiaigs of observer •qores did not change greatly in going from one type to another, i.e.. there was some
con11sistenyey in reaction time across target types.

Average position on the display at detection was interesting: all correlations were statistically significant for
7. Illth targets and false lositives. For targets, 5of the 6 ex•eded .73. It is clear that observers who detect targets

of one type high up on tie display, corresponding to long detection or aciluisition ranges. tend to do so for other
types of targets. Similarly, observers who tend not to dotect targets of one type until they are relatively close to
the aircraft tend to do so for other tyles of targets.

'T'le average size of targnt deteetel by an observer was not consistent Ireliable) across target types: 5 of the 0
cor1'relations were too low to attain statistieal significAnce. The one significant r, that between trucks and heavy
cotstruction equilment. was only .54. This is too l4w to be of much value for predictive purposes.

'The average tontrast of the targets of any one tylp detectil by an observer appeared to be no hidication of the
average coltrast of aly other tylp of target: all r's were too low to be statitileally significant.

THE RELATIONSHIPS 55TWEEN TARGET CHARACTERISTICS AND THE PERFORMANCE
"OF OBSERVERS
Appindix 11 lists for each target the probability that it will be delected, the average time that it was on the
display before detection otcurred, and the Iisitio at detection on the display sereen. measured down from the
top of the display. Table 15 lists the prohuict mommnt coclation coefficiets fo thetw data when measures ftr
individlual targets ame used asdata pair.
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Inspec"tionl of the table reveals. that:

II)eteetion probability signifieanitly ioctreases with, increase in target size for hieavy, construction equipmlentIlICE,), and for till types4 of targets combined, but not for the other types of targets. T'he detectabiljty-sizecorrelation, evenl whenl significantly different fronm zero, is not large.

2. Dtecionproabiityvaries significantly witht contrast for truc(ks, for- ears, and for lICE, the takrget tVypesfor which eo trst measures olI a were availabl. IHowever, for trucks deteetion probabilityv incereases with cointrastwhile it decreases with increased contrast for ears and lICE. TIhese correlations are not hligh.

3. Tlhe average time onl the display before detectionl occurs is significantly less for larger targets in the eause ofcars, of lICE, and of all targets combined,

41. Average ltime onl di'splay biefore detection wats not significantly related ito contrast for any target category.Correlations did not even approc ttsialinfcne

5.Average piosition onl the display (distaneve down) ait detection wats piositively anid significantily relatedl tot_target siefrpol(utwsngtvl and sign ificantitly I related fort lICE and for all target comlbinedl.

6. Avrage ositin wa not relatedl tot image contrast for any tyeoftrgt

11n11111111's while contrast waks related to detection probiability, it wasA not relatedt to either rapidity of(detctin r t psitionl onl thet display. Also, target size, while pos;itively relatedl tot detection probabilit~ osomse ty pes of( targets, tot rapidity of detection for some, and to 14bsmition onl the' display ait detectioni for' some,was not related for some.

A further emamination of the influtence of target charac-terisltics uplonl observer detectionl behviior may11 he-dsut by tisinig as data pairs the means for aill obiserves lu111mpe together for each type of target. 'This is don.'in table 10, Note that larger types, of targets and move vouitrasti typies of targets %%erp detected soonler an~d atshorter di~stancved down lithe display talt greater acquisition ranlges), and larger' typlits of targets were more11 likelhlto be detected. Although thet correattion coeficients were large and hall thet expiecte algebraic stignts. onlyh theten1dencyv for shorter reacetionl times to1 larger typesA of targets achlieed statistical signlificanve, With the snmallnumbler of target categories, heuct'e with only I ort 2 degriees of freedlom, o111% whets there is at verl highcorre'lation bietween the vairiables will thet correlation coefficienits achieve statisticall signlific-ance, 'l'abll If% alsolists the correlation coefficients bettweenl the correlated performlancP mePasures Of dietectionl itr.babilit% , screen11liositionl and reacetionl time. Here. till of thke cotrreations were statisticallsgnfcat 'I'l~' o1144f targets thait wvet',4144Wt 41.tll onlth' aveaT~ge, lit longer acqisitimitso ranges thigitr tilt tittit thedspliay screen) or itnore titiekl Ishorterreaction timies) were also tmore' likely to 1l' dleteteid.

DISCUSSION
TIhe piresent studyl~ utilieted tsnhrtui.e.. hlac1k -11ssd1whtite ittusges, so that thkere were not colors. llowe%' e'r.obsrv ers had to field and recognize objet-'ts with whlichl they were. e.'wept for 11eav1 ) eti-tIuclt iotlit equlipmlent,t qitle familiar, I isplavesl images look yery nultech like the objectsb, With so11e other sensOrS, s1uch 0s infrared-4imagers oir high resohtlltissn radar, displisyeil imaitges differ considerably msnort thtan do moionim pictulres frot ilthe41b1jects ats seenl direclyv with tike- titnitlel e'ye. Nialy sitdiest~ Inie shown that, ewen with evt'nsive trainling.detecltion anid reco gnifthill sste41Ms With displa4Yed1 images0 41*11 ap erto have lo0 dtecio 404411 IAMoluilifti 1411dIkuittWel't4" fo*st poksitives.
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In discussion earlier in the present report, it was noted that the size and the resolution of the target images were
adequate for recognition of even human targets. Aircraft altitude and camera focal length were selected during
data collection to be sure that this was true. Also, at a simulated speed of only 0(0 knots, observers had
considerable time to search for targets. Under such conditions, one might expect very commendable observer
scores. The scores of the 14 observers on a wide variety of performance measures are summarized in table 17.
Other measures than those listed are possible, but those listed in the table are the ones of primary interest. D)o
they indicate excellent performance on all measures?

Note, from -(D)-" in tile table, that onl.v 46% of the people and 49% of tie trucks were detected and
recognized by the average observer. Fronm "(E)" in the table, it may be noted that only 50% of people

""designations were correct and only 604% of truck designations were correct. On both percent detected and
avcturacy, performance was noticeably better, but was not near perfect, for cars and trucks. From "(Fl" ill the
table note, from the last column ill the table, that the average position on the display screen of targets at tile
time of detection was 45%, i.e., nearly hailf way down the display. It was slightly over half way for people and
trucks, but only 28% for heavy construction tequipment.

From these observations, it is apparent that despite what appears to be adequate inagery. a large fraction of
targets are not detected, the detection or acquisition range of those that are found is large, and false positives
are frequent. Aln alnost identical ctonclusion may be drawn fromt examination of other studies on finding
targets of optortunity with more exotic sensors.

Those who plan and design target finding systems sometimes "sell" their systems on the grounds that the detail
resolution, dynanmi range, signal-to-noise ratio, contrast, modulation transfer function (MNTF), etc. of the
smstems will insure excellent observer pe'rformnance. Those wiho evaluate the effectiveness of systemts for finding
Unbriefed targets without regard to data on observer characteristics other than visual resolution and contrast
sensitivity, make tile samne erroneous assumption. It is Clear that even narrow fields of view dit) not solve the
target-of-opportunity problem, and may even worsen tile situation by being too narrow. (oing to ever
narrower fields of view for ever better resolution of targets leads to equipment on which too many targets never
appear ait all on the display.

It is clear that we doi not vet have man-equipnlent systemls, even with narrow fields of view, that detect miost
unbriefed targets, do it quickly, and make almost no mistakes. When observers must search a display, even a
slow-moving one, excellent imagery is no guarantee of inear perfeet pertrfiirmante. There is nito doubt that future
systellms will have better sensors and displa's. It is also very probable that tile actual perftormallce of fulture
4.systelstS against targets will be suiperior to that of thlly's ystems. Front the preeeding disciussion it appears to
he unlikely that the improved image quality of such systems will, or even can, ateount for tile bulk of the
improvement that will take place. It may be hypinhesized that 1 thesignificant improvement iii performane will
come from suclih artas its operator training, observer aids, and techniute ( of use, It is clear that iituci research
and develop•tent by iuanall flactors splcialists will Ibe ncess.ry tu attain improved s'stets.

'r "
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TABLE 171

SUMMARY OF OBSERVER SCORES

__________Targets ____

I~erfomanceStatistic 21 People 15 Trucks 28 Cars 19 HOE ____

Nubro~'argets Mean 9.47.36 18.86 15.64 121.,88

Correctly Designated S.D. 2.27 1.74 3.30 2.28 1.75

(B)
*Number of False Mean 7.71 5.50 5.21 3.71 5.54

Positive Responses S.D. 4.46 5.05 4.25 4.52 3.81

Total Number of Mean 17.35 12.86 24.07 19.35 18.41
Responses Pd-B S.D. 5.05 5.59 5.38 5.69 4.65

(D)
Percentage of Mean 45.92% 49.05% 67.35% 82.33% 61.16%
Targets Detected S.D. 10.83 11.58 11.79 11.97 8.31

(E)
Accuracy % Mean 58.56% 64.32% 80.02% 84.11% 71.35%
Correct I00A/(A+B) S.D. 17.46 21.39 13.70 13.96 12.49

(F)
Target Position M0ea1 54.73% 54.68% 44.30% 27.52% 45.29%
at Detection S.D. 12.21 15.36 11.96 8.77 10.73

(G)
F.P. Position Mean 55.31% 67.74% .33.85% 50.51% 51.16%
at Detection S.D. ~ 17.52 12.13 15.24 12.00 11.91.

Reaction Time Meanl 12.48 14.09 10.$9 6.74 11.05
Detection Time S.D. .38 5.20 2.78 2.10 2.57
(in seconds)_______

Size of Detected Mean 287mmu 6. 1 %w 6. 32mm 49.81nw 1b. 37mmi
Targets S.D. .22 .44 .38 3.93 1.69

(Screett Center) _____

Contrast of ~ Ma 52.84% 42.37% 67.41% 53.65% 54.37%
Detected Targets S.D. 3.24 2.28 1.60 1. 63 1.44

Aqi&LMean 2,680' 2,6600, 2,930' 3,460' 2,930'
Slant Hange~t S.D. 598 747 792 1,100



APPENDIX I

INSTRUCTIONS FOR SUBJECTS

You art, about to p~articipate in an exix-rinient designed to study the relative efficiency of teitwision systems and
standard optical systems for use in aerial reconmnaissanc e. You will be shiowni four sections of filmn, viewing
terrain as seen fromt a plane flying ait 340 feet ailtitude. You will search the display, and detect targets - e.g.,
trucks, cars, people or heavy equipment. However, you will be asked to find only one type of target in each
section of the experiment, for instance, in section number one, you mnight search; for only trucks; in swection
number two, only peoptle; etc. You will be told before eachscion wha tretyefdtctithat setion

Tlo indicate at target p~oint at the target with your left hand, identify it aloud. and press the appropriate
1correspo~nding) button with your right hand. ni'e position of thie button should corresp~ond to the section in
which lthe target is found. TIhe terrain is always inoving, so %York as quickly as tpossible.

Targets.

Truck - includes anyv kind of truck -e.g., a garbage truck, a panel truck, a van, a pickup truck, a
tractor-trailer rig. etc.

Car - any kind of automobile - e.g.. sedan, station-wagon, sports car. convertiblte, etc.

Heavy construction equipment - cranes, derricks, bulldozers, dredges, road graders.

pe~ople -tany mnan, woman or child.

nite targets inay be motving or non-muoving.

Any questions?ý



APPENDIX 11
TABLE 18

IMAGE CHAR ACTER!STICS AND PERFORMANCE DATA FOR INDIVIDUAL TARGETS

Image Characteristics Performance Mvieasurements
+

Target Size on Screen ++ Number of Detection Mean Scrun Mean RT*
Number (MiIIJ-avters) Contrast Detections Probability Location (Seconds)

Cars (28)

1 4.1 39 14 1.0000 51.1 5.2
2 3.4 16 14 1.0000 29.3 8.4
3 3.8 27 14 1.0000 26.8 12.5
4 2.4 23 11 .7857 42.3 14.2
5 2.4 24 12 .8571 61.2 20.1
6 2.7 14 13 .9286 48.8 22.4
7 2.7 30 8 .5714 57.5 25.3
8 12.0 45 6 .4286 60.8 7.0
9 6.8 52 10 .7143 45.0 5.8
10 14.3 11 14 1.0000 38.6 8.8
11 6.8 40 8 .5714 73.1 4.5
12 14.3 60 6 .4286 15.0 2.0
13 10,9 47 12 .8571 37.5 5.7
14 14. 3 78 11 .7857 32.3 7.8
15 6.8 33 7 .5000 30.7 7.4
16 10.2 67 4 .2857 18.8 6.6
17 6.1 16 4 .2857 13.8 3.6
18 5.1 61 11 .7857 12.3 6.1
19 5.8 45 14 1.0000 22.5 5.7
20 5.1 45 9 .6429 51.7 13.6
21 5.1 97 3 .2143 28.3 8.4
22 10.2 83 8 .5714 42.5 7.4
23 4.4 72 12 .8571 62.1 9.6
24 8.5 72 1 .0714 90.0 12.4
25 2.7 so 12 .8571 50.8 15.4
26 9.2 63 11 .7857 80.4 3.4
27 6.5 52 2 .1429 67.5 23.0
28 2.7 35 13 .9286 57.9 23.2

+ Sie oil lithe tigpay tscreeI1 is the nmaximunt ditenaioti of the disillayedi image. whieh Ii the dianketer of the
wmtlictt eirvle that can vontain all itf the target Iniage.
+ +Cotrwat it (Ilrighttiea 1iffereueel/B1 whtwre 0 is brlghtnea of backgroln ro agtwihvri
larger.
*Reartiosn tinmes (HpT in tsemonds waa obtained by tue of a stopwvatch, the plrojector. and the utwober oft the
frante (pieture) onl which target designation oievurred as given on the developled fiiImfrm the data camuera. As
explained in the text, reaction thme and the target pealition aren't always equivalent.
**Moan wrom location 6a the eormetage of the way down the 133mm screen bheih when deteted.

59)



APPENDIX 11 (Continued).

Physical Measure~ Performance Measures
Target Max. Diniensio ubro Detection Mean Screen Mean Reaction
Number on Screen (mm) IIDetections Proba-bilit Location Time (Sec.)

People (21 Available Targets)

63 2.1 10 .7143 76.0 11.5
64 3.1 6 .4286 77.5 25.8
65 3.1 6 .4286 7S.3 26.0
66 2.4 12 .8571 64.2 19.9
67 3.1 4 .2857 43.8 18.3
68 3.8 13 .9286 28.1 7.3
69 3.4 8 .5714 34.4 9.2
70 3.4 2 .1429 77.5 15.2
'71 3.4 2 .14-29 52.5 '7.8
72 3.1 13 .9286 26.5 4.1
73 3.4 12 .8571 57.5 6.9
74 3.1 5 .3571 71.0 9.2
75 3.4 13 .9286 37.3 10.0
76 3.4 4 .2857 49.8 12.0
77 1.4 0 0 N/Ak N/A +
78 2.4 1 .0714 90.0 3.
79 1.4 3 '0143 81.7 4.1
so 2.1 6 4.428 6 85.5 9.2
81 2. 1 4 .2~857 $2.2 8.6
82 M6 4 .2157 80.,0 3 2. 6
83 1.7 7 .5000 62.0 17.1

NOTE: The finage-s of people wvere too small and poorly resolved to permit reliable
contrast measurements, hence contr~ast was not mecasured for people.
4NA Not Applicable: There was no mevaningful screen travel whlen~ detected or mecan
reaotion time either, because the target was not detected,. A value of 0 would be wrong.



APPENDIX 11 (Continued)

Image Characteristics Performance Measurements

Target Size on+Screen Number of Detection Mean Sciwen Mean RT ,

Number (Millimeters) Contrast etections Probability Iocation (Seconds)

Trucks 15)

29 3.1 59 7 .5000 82.9 13.8

30 8 2 52 3 .2143 33.3 6.4

31 6.2 48 2 .1429 22.5 4.6

32 6.2 64 12 .8571 43.8 28.2

33 9.9 64 14 1.0000 44.6 17.0

34 5.8 68 13 .9286 40.4 15.2

35 6.' 32 C, .4286 74.2 30.6

36 6.5 43 10 .7143 77.7 6.0

37 .3.1 40 3 .2143 58.3 3.8

38 5.1 43 13 .9286 59.5 6.2

39 3.4 33 4 .2857 10.0 5.9

40 5.5 44 3 .2143 88.3 24.8

41 4.1 45 6 .4286 50.8 6.2

42 6.2 65 4 .2857 41.2 2.6

43 6.5 32 2143 46.7 40

Heavy Construction EUuitpnent (19)

44 35.9 84 13 .9286 32.7 4.6

45 44.4 84 13 .9286 30.0 6.3

461 3.8 71 8 .5714 54.4 12.9

47 12.•3 81 12 .8571 42.1 7.2

48 50.2 20 13 .9286 21.5 3.9

49 40.0 64 14 1.0000 22.5 7.5

50 100.1 46 14 1.0000 17.9 6.1

51 64.9 80 14 1.0000 20.0 6.1

52 44.4 90 11 .7857 17.3 5.2 .

53 141.8 75 14 1.0000 15.7 5.3

54 6.2 94 1 .0714 95.0 10.3

55 44.4 92 13 .9286 25.8 8.0

56 8.5 84 S .5714 37.5 10.3

57 13.7 40 7 .5000 69.3 11.5

58 6.5 79 10 .7143 33.0 7.8

59 93.3 90 14 1.0000 22.5 7.3

60 311.8 55 12 .8571 3.3.8 9.0

61 42.4 80 14 1.00000 15.7 3.3

S62 54.7 11 14 1.0000 21.4 7.7

S.....



APPENDIX III

INDIVIDUAL TARGET SUMMARY TABLE AND
TABLES OF THE AVERAGE SIZE AND CONTRAST OF DETECTED TARGETS

TABLE 19

SUMMARY OF APPENDIX 11 DATA FOR INDIVIDUAL TARGETS

- Type of Target

Nuyber of Da1 15pl Trcs as)

Number,_ n~ l~a~ 2pl ircs Ca8 lCE
Number Presented, l4n 294 210 392 266
Average Size at Display Center (mmi.) ?. 67 5.77 6.76 42.7
Averave Contrast on Displa, NO DAA 4.8 46.3 69.5

Pe-rformance Measurei

Total Number of Detections, D 135 103 264 219
Mean D =D/14 9.64 7.36 18.64 15.64
Detection Probabilitv* P .459 .490 .674 .823
Percent Detected 1O0P 4 5. 9 2 49 .05%. 67. 3 5': 82.33"r
Average Detected Contrast, * NO DATA 52.47 4'2. 46 67.71

Reaction T.Liie in -Seconds
Mean 13.7 11.7 10. 7.13
S.D. 8.52- 9.47 ti.70 2.36

Size of Detected Targets
(mm. a~t Center of Display)

2.80 (1.09) 6. 314 490
S.D. .75 1.93 3.74 :16. t

L oca tion Wilenl Dete.. ted
of Display Hleight

62. 5 51. 6 44.6 33.1
S.. 20.3 22320. 5 20. 4

Slant Range4 wile" !)teetod

in 2510 2750 2940 37

S.1 14 1190 13150 2 02 0

*)etevtiju P'nibability = Iotal Nitiber tit letoetions 0 N unieakr Presentted I 14i/ 1). Note, that. siutet, thle
nintbe'r deteeted ineuttIues nwtl targets several tinkes tas they wort, deteetteI by several tbaervers). like 'ircot~'
deteetted is not tile linti deteetteJ at least onlt".

**Aerag I~eeete (~.ntrat = (ZCintrast tit Every Deaeatction) /tNwunber tit W)ttvtiont4
mit, targets aret', ounted. here. as inally as 14 timeset. thlws deteeted eontrast its weighted by nuwiber oft

detections. C ittrast is dte ixtutrast tif the tArget iuuage tin the display. titt of the actual tarv4 t obett with
dthe stumitinding real terrain.

+The slan1t rantge, is valetdated frtun the average ositisidm til the display ait the thite tit deteetion. n, ou tlandw
deviation oft slant ranile i6 calwulatted frmn th 11 andard deviatitun in creen 1isaition wheni detetxed.



APPENDIX III (Continued)

TABLE 20)

AVERAGE SIZE* IN MILLIMIETIERS OF IMAGES OF I)ETEcTrED TA GETS

People Trucks Cars 1-ICE Combined M eans Conlindargets

** n++ mean n mean n mean n meoan (mean of mevans) N mean+
A 9 2.74 8 5.55 13 6.78 17 46.98 15.51 47 20.34
B 12 2.80 9 5.86 17 5.93 18 44.73 14.83 56 17.72

C 10 2.89 5 5.96 19 5.92 16 49.22 16.00 50 19.17
D 7 2. 99 5 6.70 21 6.37 16 49.55 16.40 49 20. 02

E 7 2.55 S 6. 41 15 6.04 12 57.69 19.17 42 20. 29
11 10 2.48 9 6.42 21 6.66 15 47.50 15.76 55 17.00
G 12 3.00 10 5.92 26 6.70 17 46.50 15.53 65 16.31

8 3.09 5 6.70 17 5.85 16 49.22 16.2 46 20.55
1 12 2.81 8 5.94 21 6.36 17 46.55 15.42 58 17.35

1 7 3.33 8 5.35 17 5.71 16 46.69 15. 27 48 18.96
K 14 2.80 7 6.14 2 1 6.86 18 44.73 15.13 60 17.13

11 7 2. 88 7 6.54 19 6.83 10 66,19 20.61 43 19.95
hl 10 3.09 5 6.70 16 6.44 14 55.19 17.$6 45 2"is.S9
N 10 2.75 9 5.86 21 6.26 17 46,86 15.43 57 17.69

8m 135 40.20 103 86.05 264 88.53 219 697.60 2.4721 2263.3 7
n 14 14 14 14 14 14 14 14 14 14 14

m'lean 9.64 21. 87 736 6.15 18.64 6. 32 15.64 49.83 1 16.37 51.50 1$.81
S...221 .44 1.0381 5.98 1 1.69 1.ý56

*Nta.'dmum dimension of target image tucasured at the center of the display sereen, nlot at thet
*surven location at which detection occurred,

** $-Riajeet or observer.
+ (Rim of target sizes) /( total number of targets detoteti.c) .

+nnumber of' detections.



APPENDIX III (Continued)

TABLE 21

AVERAGE CONTRAST OF DETECTED TARGETS

TYPE OF TARGET

SOBSERVER Trucks Cars HCE Tgt. 1,im/n* Means Sum/3+

A 51.00 43.38 67.47 55.76 53.95
B 48.33 45.12 68 11 55.18 53.85
C 55.00 43.74 69.69 55.52 56.14
D 56.40 44.86 69.94 54.63 57.07
E 53.75 39.00 64.83 51.25 52.53
F 50.67 44.33 65.40 52.16 53.47
G 52.70 45.12 67.94 53.87 55.25
11 56.40 39.18 69.69 54.29 55.09
1 52.25 41.25 66.00 52,43 53.17
J 54.50 39.65 68.38 53.76 54.18
K 45.14 42.33 68.11 52.85 51.86
L 54.14 39.42 68.90 50.47 54.15
M 56.40 42.69 69.14 55.23 56.08
N 53.11 43.05 67.18 53.70 54. 45
Sum 739.79 593.12 950.78 751.08 761.24
Mean 52.84 42.37 67.91 53.65 54.37
S. D. 3.24 2.28 1.60 1.63 1,44

* n = total number of all types of targets detected
+ the means sum/3 is the average or mean of the means

W4
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APPENDIX IV .

FIELD OF VIEW OF THE CAMERA AND GROUND AND SLANT RANGE . .~>

COMPUTATIONS

The motion picture camera that took the pictures for the present study had a nominal focal length of six inches.
The actual focal length could have been off from the nominal value by as much as 5%. In the computations
that follow. the six inch focal length will be converted to 152.4 mm, even though this many digits implies an
accuracy of focal length measurement that was not obtained, Similarly, various calculations.,will be carried out
to several digits, and can be rounded off later.

The first calculation to make is that of the horizontal and vertical field of view of the motion picture camera.
The geometry is shown in figure .22.

22.2 nm.22.2 m.m.

16.1 n.

116.

Figure 22. Field of View of the Motion Picture Camera

Horizontal Field of View: Vertical Field of View:

Tan (0/2) 11.1/152.4 Tan (4/2) =8.05/152.4
O 2 arc Tan .07283 =2-arc Tan .05282
0o 8. 331.5 80 209 6.047 60 2.8'

Figure 22 Fed ofYi`w of the, Mot"o Pieture Cammr

Hadonzotal Field of Vim-: ~ K erical Field of View:

Tan 10/21 11. 1/ 152 . Tan 1#/21 = 8.05/152.4
0= 2 aft- Tan .072"M = 2 arc Tan .052W~
0 8.3315 802N00=O.A=6028

65
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APPENDIX V

TABLE 24

TARGET AVAILABILITY BY TENTHS OF DISPLAY HEIGHT

Vertleal leutls* of Number of Targets
the Display Screeni Available this often ]

to) 41

4
3 4I

Sumt W1

41,4.11111K wit~hout regarid to %vdd Vertivat tooth. ia.e. without regarid tit it tintoer tit the totittli onl the
.1igptay. Targets aire vroiditedl with every veftii'a tenith upon whhiei they appoared. eveni briefly. Not till

tresaplieftml firmt at the top of the display: Some caunw on fromt the Mile. smmetimesi 14wt way
,tow~i the twmree.ai, d exite at the bentiito or s~ide. Vehieloo hi rapid motisaa, even if dwy enterd itito
tiw iop of the, dilpay. *amut-thu tmitod ml dthe 4ie.

C (67
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